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The common denominator for virtually all episodes of gastro- 
esophageal reflux in health and disease is the loss of the barrier 
that confines the gastric environment to the stomach. Factors 
important in the function of the barrier are its pressure, length 
and position- In early reflux disease, overeating, gastric disten- 
tion, delayed emptying and aerophagia lead to transient losses of 
the banier. A permanent loss results from inflammatory injury to 
the muscle of the barrier with free flow of gastric juice into the 
esophageal body and its subsequent injury. Corrective therapy 
requires augmentation or restoration of barrier function. 
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Nouveaux concepts relatifs au reflux : 

les hauts et les bas du sphincter inferieur de 

Poesophage 

RESUME : Le denominates commun a presque tous les episodes de 
reflux gastro-oesophagien, qu'ils se produisent chez une personne en same 
ou malade, se resume a la perte de la barriere qui limiie le milieu gastrique 
a I'estomac. Trois facteurs import ants son I lies au fonctionnement de la 
barriere : ta pression, la longueur ei la position. Au debut de la maladie» 
('alimentation excessive, la distension gastrique, le retard de vidange et 
Paerophagie entrainent des pertes temporatres d^tancheite. Plus tard, ces 
penes deviennent chroniques : le muscle de la barriere, affatbli par les 
lesions inflammatoiies laisse passer le sue gastrique dans le corps de Pce- 
sophage, qui est lese a son tour. Le traitemem curatif exige une ameliora- 
tion du fonctionnement de la barriere ou son retablissement. 



BIOMECHANICS OF THE ALIMENTARY TRACT 

The gastrointestinal tract is a continuous, hollow tube. Its 
functions are the ingestion and digestion of food, the 
absorption of chemical energy and the elimination of 
residue. These functions are performed separately in differ- 
ent compartments, whose boundaries differ from the cus- 
tomary anatomical divisions of the gastrointestinal tract. 



Each compartment has a pumping mechanism to propel 
contents into a receptacle or reservoir portion of the com- 
partment, and a sphincter to separate the pump from the 
reservoir. Each compartment has the ability to maintain a 
distinct chemical, enzymatic and pH environment within 
the reservoir appropriate to its function. In the most proxi- 
mal compartment, the tongue and pharynx function as a 
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Figure 1 ) A pressure profile of the lower esophageal high pressure 
zone, or 'sphincter* , measured in a normal subject. The high pressure 
zone has no anatomical landmarks but is identified by a rise m pressure 
over the gastric baseline as the pressure transducer is pulled from the 
stomach into the esophagus. Note the long intra- abdominal length iden- 
tified by the positive respiratory excursions and the short intrathoracic 
length identified by the negative respiratory excursions. The point at 
which the respiratory excursions reverse is calle d the respiratory inver- 
sion point. Pressure scale is 3 mmHg between vertical dots 
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Figure 2) The relationship of the magnitude of pressure in the high 
pressure zone (measured at the respiratory inversion point) and the 
overall length of the zone, to the resistance to the flow of fluid through 
the zone. 'Competent* is no flow, and Incompetent' is flow of varied 
volumes. Note that the shorter the overall length of the high pressure 
zone, the higher the pressures must be to maintain sufficient resistance 
to remain competent. LES Lower esophageal sphincter 



pump; the upper esophageal sphincter, soft palate and 
epiglottis function as valves; and the striated muscle por~ 
tion of the upper esophagus functions as a receptacle. In the 
second compartment, the smooth muscle portion of the dis- 
tal esophagus, characterized by peristaltic contractions of 
high amplitude, pumps food through a valve, the lower 
esophageal sphincter (LES), into the gastric fundus, which 
acts as a reservoir. In the third compartment, the antrum 
behaves as a pump, propelling chyme through a valve or 
sizer, the pylorus, into a receptacle, the duodenum. 
Similarly, the small intestine pumps its contents through 
the ileocecal valve into a capacitance organ, the cecum. An 
important principle is that the breakdown of function in 
one compartment of the gastrointestinal tract tends to pro- 
duce secondary effects in the proximal compartments, 
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rather than in the distal compartments. Thus, problems 
originating in the stomach commonly cause esophageal and 
pharyngolaryngeal symptoms (1). This concept is impor- 
tant in understanding the clinical presentation of gastro- 
esophageal reflux disease (GERD). The principle 
pathophysiological abnormality responsible for these symp. 
toms is the failure of the barrier or valve between the stom- 
ach and esophagus. The failure can be transient due to 
intermittent challenges of gastric distention or permanent 
due to inflammatory damage to the muscle of the LES and 
alteration in the geometry of the cardia. 

PHYSIOLOGY OF THE 
GASTROESOPHAGEAL BARRIER 
In humans, the barrier that confines the gastric environ- 
ment to the stomach is the LES. It has no anatomical land- 
marks,.but its presence can be identified by a rise in pressure 
over the gastric baseline pressure as a pressure transducer is 
pulled from the stomach into the esophagus (Figure 1 ). This 
high pressure zone is normally present, except in two situa- 
tions: after a swallow, when it momentarily dissipates or 
relaxes to allow passage of a swallowed bolus into the stom- 
ach, and during a belch, when it allows gas to be vented 
from a distended fundus. The common denominator for vir- 
tually all episodes of gastroesophageal reflux is the loss of 
the normal high pressure zone or barrier. When the barrier 
is absent, resistance to the flow of gastric juice from an 
environment of higher pressure - the stomach - to an envi- 
ronment of lower pressure - the esophagus - is lost. In early 
disease, this is usually due to a transient loss of the barrier. 
In advanced disease, this is usually due to a permanent loss 
of the barrier ( 1 ). 

There are three characteristics of this high pressure zone, 
commonly referred to as the LES, that maintain its function 
as a barrier to intragastric and intra-abdominal pressure 
challenges (Figure 1). Two of these characteristics - the 
overall length of the sphincter and the sphincter pressure - 
work together and depend on each other to provide resist- 
ance to the flow of gastric juice from the stomach into the 
esophagus. Critical to this function is the overall length of 
the LES and the pressure measured over that length (2). 
The shorter the overall length, the higher the pressure must 
be for the sphincter to maintain sufficient resistance to 
remain competent (Figure 2). Consequently, the effect of a 
normal sphincter pressure can be nullified by a short overall 
sphincter length, and the effect of a normal overall sphinc- 
ter length can be nullified by a low sphincter pressure. 

For practical purposes, the pressure of the sphincter is 
measured at a single point - the respiratory inversion point 
- but in actuality, pressure is applied over the entire length 
of the sphincter. A more accurate assessment of barrier 
resistance is to measure the radial pressure exerted in four 
quadrants over the entire length of the sphincter. This 
allows the computer formation of a three-dimensional 
image of the sphincter or barrier (Figure 3). The volume of 
this image reflects the sphincter s resistance to the flow of 
fluid through it. This is called the sphincter pressure vector 
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Figure 3) A graphic illustration of how a three-dimensional computer- 
ized image of the 'sphincter* can be constructed by measuring the pres- 
sure of the high pressure zone in four quadrants at I cm intervals over 
the enure length of the zone. The volume of the image reflects the resist- 
ance of the sphincter' to the flow of gastric juice into the esophagus, and 
is called the 'sphincter pressure vector volume*. Reprinted with permis- 
sion from reference 3. RIP Respiratory inversion point 
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Figure 4) The relationship between resting sphincter pressure and 
sphmcter length when applied pressure or 'sphincter squeeze* is kept 
constant. Analysis was made with a model of the lower esophageal high- 
pressure zone. Not£ that, as the sphincter length decreases, the pressure 
recorded within the sphincter decreases only shghdy, until a length of 
2 cm is reached, at which point the sphincter pressure drops precipi- 
tously and competency of the sphincter is lost. Reprinted with permis- 
sion from reference 4 



volume'. A calculated volume less than the fifth percentile 
of normal resting subjects is an indication of a permanently 
defective sphincter (3). 

The fundamental principle is that the length of the 
sphincter is important to its function as a barrier (4). 
Shortening of the length of the sphincter occurs naturally 
with gastric filling, as the terminal esophagus is 'taken up' 
by the expanding fundus. This is similar to the shortening 
of the neck of a balloon as it is inflated. With extensive gas- 
tric distention, the length of the sphincter shortens to a 
critical point at which it gives way, the pressure drops pre- 
cipitously and reflux occurs (Figure 4). If the length of the 
sphincter is permanently short, then further shortening 
caused by the normal gastric distention with meals will 
result in postprandial reflux. In this situation, gastro- 
esophageal reflux is an ever-constant clinical problem. 

The observation that gastric distention results in short- 
ening of the sphincter down to a critical length, so that the 
pressure dissipates, the lumen opens and reflux occurs, pro- 
vides a mechanical explanation for 'transient sphincter 
relaxation* without invoking a neuromuscular reflex. If only 
the sphincter pressure and not its length is measured, as 
with a Dent sleeve, the event will appear as a spontaneous 
relaxation of sphincter pressure (5). In reality, it is the pro- 
gressive shortening of the sphincter, rather than transient 
relaxations, that results in the loss of sphincter pressure. 

The third characteristic of the lower esophageal high- 
pressure zone or 'sphincter' is its position. A portion of the 
overall length of the high pressure :one is normally exposed 
to positive intra-abdominal pressure and is commonly 
referred to as the abdominal length of the sphincter 
(Figure 1) (6). During periods of increased intra-abdominal 



pressure, the resistance of the LES would easily be over- 
come if the position of the sphincter were such that abdom- 
inal pressure were unable to be applied equally to the 
sphincter and stomach (7-9). Think of sucking on a soft 
soda straw immersed in a bottle of coke; the hydrostatic 
pressure of the fluid and the negative pressure inside the 
straw due to sucking cause the straw to collapse instead of 
allowing the liquid to flow up the straw in the direction of 
the negative pressure. If the sphincter is positioned so that 
the abdominal length is inadequate, the sphincter cannot 
collapse in response to applied positive intra-abdominal 
pressure and the negative intrathoracic pressure will encour- 
age reflux to occur. 

If a sphincter, in the fasting state, has abnormally low 
pressure, a short overall length or a minimal length expo- 
sure to the abdominal pressure environment, the result is a 
permanent loss of resistance and the unhampered reflux of 
gastric contents into the esophagus. This is known as a per- 
manently defective sphincter and is identified by one or 
more of the following characteristics: an average pressure of 
less than 6 mmHg, an average overall length of 2 cm or 
shorter and an average length exposed to the positive pres- 
sure environment of the abdomen of 1 cm or shorter. 
Compared with normal subjects, these values are below the 
2.5 percentile for each parameter (10). The common con- 
sequence of a permanently defective sphincter is increased 
esophageal exposure to gastric juice, mucosal injury, inflam- 
mation of the muscularis propria, and reduced contraction 
amplitude and abnonnal wave forms in the esophageal 
body. If the reflux is not brought under control, the progres- 
sive loss of effective esophageal clearance results in an ever- 
increasing esophageal acid exposure (11-13). 
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CAUSES FOR FAILURE OF THE 
GASTROESOPHAGEAL BARRIER 
Transient losses of the barrier are most commonly seen in 
early reflux disease and are associated with gastric disten- 
tion (14)- The ingestion of air and food results in gastric 
distention, and the vectors produced by the gastric wall ten- 
sion pull on the gastroesophageal junction. This causes the 
terminal esophagus to be 'taken up* into the stretched fun- 
dus, thereby reducing the length of the sphincter. With 
overeating, a critical length is reached, usually about 1 to 
2 cm, at which point the sphincter gives way, its pressure 
drops precipitously and reflux occurs (Figure 4) (4). After 
gastric venting, the length of the sphincter is restored and 
competency returns, until distention again shortens it and 
encourages further venting and reflux. Patients with GERD 
swallow more frequently in an effort to neutralize the acid 
refluxed into the esophagus with their saliva. This results in 
the ingestion of more air and adds to the gastric distention 
(15). Together, the actions of overeating and swallowing air 
result in the common complaint of postprandial bloating, 
repetitive belching and heartburn in patients with early 
GERD. The high prevalence of the disease in the Western 
world is thought to be secondary to the eating habits of 
Western society (16). Gastric distention from overeating 
and delayed gastric emptying secondary to the increased 
ingestion of fried foods leads to prolonged periods of post- 
prandial gastric distention, shortening of the sphincter and 
repetitive transient loss of the barrier. A Nissen fundoplica- 
tion prevents the shortening of the barrier with progressive 
degrees of gastric distention by interrupting the vectors pro- 
duced by gastric wall tension that pull on the gastroesopha- 
geal junction (17). The new endoscopic procedures, 
Endocinch (Bard, USA) and the Plicator (NDO Surgical, 
USA), attempt to do the same. Similarly, endoscopic injec- 
tion of inert materials into the area of the barrier or scarring 
it with radiofrequency injury attempts to do this by reduc- 
ing the compliance of the LES, making it more resistant to 
the pull of gastric wall tension. 

In advanced reflux disease, permanent loss of sphincter 
length occurs from inflammatory injury that extends from 
the mucosa into the muscular layers of the distal esophagus. 
Fletcher et al (18) showed that, in the fasting state, there is 
a persistent region of high acidity in the area of the gastro- 
esophageal junction and that this region of acidity migrates 
2 cm proximally after meals. This migration was shown to 
occur as a result of distention of the stomach with eating 
and pulling apart of the distal high pressure zone, allowing 
the area of high acidity to move proximal to the squamo- 
columnar junction (18). This proximal movement exposes 
the distal esophageal squamous mucosa to acid, with the 
formation of cardiac mucosa (19,20). Cardiac mucosa is an 
acquired mucosa and results from inflammatory injury to 
the squamous mucosa in the terminal esophagus. This 
inflammatory process extends into the muscular layer of the 
esophagus, resulting in the loss of muscle cells and perma- 
nent shortening of the high pressure zone, and a concomi- 
tant reduction in the amplitude of the high pressure zone or 
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barrier pressure (1,19-21). Such a defective barrier is recog- 
nized when the length or pressure of the sphincter measured 
during a motility study done in the fasting state is below the 
2.5th percentile of normal (10). 

For the clinician, the finding of a permanently defective 
barrier has several implications. Patients with this abnor- 
mality can be difficult to control with medical therapy (22). 
The damage is irreversible, and is commonly associated 
with reduced esophageal body contractility and abnormal 
wave progression (23). Under this condition, if reflux is not 
controlled, the progressive loss of effective esophageal 
clearance C3n lead to Barrett s metaplasia, repetitive regur- 
gitation, aspiration and pulmonary fibrosis (12,19,24,25). 

Surgery is usually required in patients with GERD and a 
permanently defective barrier to obtain consistent long 
term symptom relief and interrupt the natural history of the 
disease. In this situation, the length and pressure of the bar- 
rier can be restored to normal by a laparoscopic Nissen fun- 
doplication. At present, the newer endoscopic procedures 
do not appear to improve a permanently defective sphincter 
significantly. Critical to the long term success of laparo- 
scopic surgical therapy for this degree of disease is that 
marked shortening of the esophagus has not occurred from 
inflammatory injury of the mucosa (13). If it has, there is 
too much tension on the laparoscopic repair, and break- 
down is common. In this situation, an open procedure that 
completely mobilizes the thoracic esophagus or lengthens 
the esophagus with a gastroplasty provides a better long 
term outcome (19). 

Variations in the anatomy of the cardia, from a normal 
acute angle of His to the abnormal dome architecture of a 
sliding hiatal hernia, influences the ease with which the 
sphincter is shortened by gastric distention. Consequently, 
alteration in the geometry of the cardia facilitates the loss of 
barrier function. Greater gastric distention is necessary to 
open the sphincter in patients with an Intact angle of His 
than in those with a hiatal hernia (25). This is because the 
dome or funnel shape of a hiatal hernia allows the wall ten- 
sion forces that pull open the sphincter to be more effec- 
tively applied to the gastroesophageal junction (26). This 
accounts for the common association of a hiatal hemia with 
GERD. The geometry of the hemia puts the sphincter at a 
mechanical disadvantage in maintaining its length, with 
progressive degrees of gastric distention. Kahrilas et al (27) 
demonstrated this mechanical disadvantage by studying the 
effect of intragastric air infusion on the number of transient 
LES relaxations (TLESRs)/h. Patients with hiatal hernia 
had significantly more TLESRs/h than control subjects and 
those without hernias. Intragastric distention with air infu- 
sion resulted in a gradual shortening of the sphincter in all 
three groups. This change became significant 20 to 30 min 
after the beginning of air infusion. Kahrilas et al (27) 
observed that the high pressure zone shortened before 
detection of the TLESR in the more proximal part of the 
zone. These findings support the concept that transient 
sphincter shortening, rather than sphincter relaxation, is 
the mechanism for barrier loss with gastric distention. 
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SUMMARY 

Almost all reflux episodes in normal subjects are precipi- 
tated by gastric distention. In patients, gastric distention 
from overeating and aerophagia is the cause of early GERD 
and remains an important but decreasing cause of reflux as 
the severity of the disease, reflected by the grade of 
esophagitis, worsens. The increased esophageal acid expo- 
sure in patients with early disease is due to transient loss of 
the barrier secondary to shortening of the sphincter with 
gastric distention. Mucosal damage from exposure to gastric 
juice results in an inflammatory injury of underlying sphinc- 
ter muscle and leads to a permanent loss of the barrier, ini- 
tially due to the loss of its abdominal length and eventually 
its overall length and pressure. Free flow of gastric juice 
into the esophagus results in subsequent inflammatory 
injury of the mucosa and muscle of the esophagus body, 
leading to the loss of its clearance ability and to prolonged 
esophageal exposure to gastric juice. This signals the pres- 
ence of advanced disease and places the patient at risk for 
Barrett's metaplasia, stricture formation and aspiration 
(Figure 5). 
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Figure 5) Schema of the progression of gastroesophageal reflux disease. 
Initially, esophageal acid exposure occurs only m the upright awake 
position after meals due to gastric distension causing transient losses of 
the barrier. With inflamrnaiory injury to the lower esophageal sphincter 
(LES) , the barrier becomes permanendy defective, and an increase in 
esophageal acid exposure occurs in the supine position, while the 
esophageal body effectively clears the refluxed acid during the day when 
upright. Inflammatory injury to the esophageal body results m loss of 
esophageal body clearance function or bipositional reflux 
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